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Solar Supergranulation and Surface Flows 
High resolution SOH0 - MDI magnetogram overlaid with lines of 
convergence of the photospheric horizontal flows. 

0 Measured flow shown as colored arrows; red = downflow, blue = upflow. 

0 Green dots  mark  the convergence points. 

0 Magnetic field; light grey for positive fields, for negative fields. 
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surface  brightness;  3-dimensional  simulations 

as  above.  simulated 40 cm  telescope & atmosphere 















,St&ar ..O,sciJations 
Source:. Lecture  Notes on Stellar  Oscillations, Jorgen Christensen-Dalsgaarcl 

(Aarhus University, Denmark) - http://www.obs.aau.dk/  jcd/oscilnotes/comb- 
h.tex.ps.gz 

http://www.obs.aau.dk
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Figure 5.6. Cyclic frequencies v = w / 2 x ,  as functions of degree 1 ,  computed 
for a normal  solar model.  Selected values of the  radial  order n have  been 
indicated. 
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Figure 2.1. Contour  plots of the  real  part of spherical  harmonics [cf. 
equation (2.1); for simplicity the  phase  factor (-l)m has been  suppressed]. 
Positive contours  are  indicated by continuous lines and  negative  contours by 
dashed lines. The B = 0 axis  has  been inclined by 45' towards  the viewer, and 
is indicated by the  star.  The  equator is shown by "++++". The following 
cases are  illustrated: a) 1 = 1, m = 0; b) 1 = 1, m = 1; c) 1 = 2, m = 0; d) 1 
= 2 , m = 1 ; e ) l = 2 , m = 2 ; f ) l = 3 , m = O ; g ) l = 3 , m = 1 ; h ) l = 3 , m  
- - '2; i) 1 = 3 ,  m = 3;  j )  1 = 5, m = 5; k) 1 = 10, m = 5; 1) 1 = 10, m = 10. 
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Solar Internal  Rotation 

0 Inferred rotation  rate  as a function of depth  and  latitude derived from 
SOH0 helioseismology. 

0 Convection zone rotates uniformly along a radius  with all depths showing 
the surface differential rotation. 

Below the convection zone is the shear layer of shear connecting to  the 
rigidly rotating  radiative core. . 
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SURFACE  STRUCTURE ON RED SUPERGIANTS 

0 Red giants  and  supergiants show only weak magnetic 
activity. 

Their  atmospheres  are  dominated by wind outflow. 

0 Do not  expect  large  starspots as on the  Sun or active 
stars. 

Supergiants may show giant convective cells in their 
photospheres - suggested by Schwarzschild (1975 ApJ 
195, 137). 







SURFACE  STRUCTURE - Aperture Masking 

0 Non-redunant aperture masking using large telescopes provides similar 
images. 

0 Another  example of Betelgeuse from Young et  al. (200ii). 
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Figure 5.4.  Propagation of acoustic waves, corresponding  to modes with 1 = 
30, v = 3mHz (deeply penetrating  rays)  and 1 = 100, v = 3mHz (shallowly 
penetrating  rays).  The lines orthogonal to  the former path of propagation 
illustrate  the wave fronts. 




